Abstract Recently reported results of well-designed prospective clinical trials for extranodal NK/T-cell lymphoma, nasal type (ENKL) have rapidly changed the management of ENKL. This review will focus on the evidence obtained from prospective clinical trials for ENKL and discuss the most highly recommended current management and future directions for the better management of ENKL. For patients with nasal NK/T-cell lymphoma of stage IE or contiguous stage IIE with cervical node involvement, concurrent chemoradiotherapy with radiotherapy (RT) and a two-thirds dose of DeVIC chemotherapy is recommended as a first-line treatment. To obtain the expected clinical outcome, performing RT following the same procedure as that reported is important. For the other patients with newly diagnosed ENKL, SMILE chemotherapy is recommended as an induction therapy. The Epstein-Barr virus DNA load in peripheral blood is useful for both prognostication and monitoring during the follow-up after treatment. Other L-asparaginasecontaining chemotherapies and chemotherapies containing non-multidrug resistance-related agents and etoposide are good options for elderly patients or patients with impaired organ function. As in the cases of other aggressive lymphomas, prospective clinical trials with adequate statistical considerations should be conducted to improve the prognosis of patients with ENKL.
Introduction
Extranodal natural killer (NK)/T-cell lymphoma (NKTCL), nasal type (ENKL) is a predominantly extranodal lymphoma associated with Epstein-Barr virus (EBV) [1, 2] . ENKL is much more common in Asia and Latin America than in the USA and Europe [3, 4] . Its frequency relative to that of all lymphomas is approximately 3-10 % in East Asia, but \1 % in western countries. Recently, the results of well-designed prospective clinical trials for this rare lymphoma have been reported, resulting in the rapid evolution of ENKL management.
Several comprehensive reviews on the pathophysiology, diagnosis, clinical features, risk stratification, and prognosis of ENKL have already been published [5] [6] [7] [8] [9] . This review will focus on the evidence from prospective clinical trials for ENKL and discuss the most recommended management at present and future directions for the better management of ENKL. methodology used in lymphoma diagnosis (e.g., the availability of anti-CD56 antibodies that can be used for formalin-fixed paraffin-embedded material), and incorporating central pathology review into trials [10, 13, 14] .
Specific factors in clinical trials for localized ENKL
Two-thirds of patients have localized disease in the upper aero-digestive tract [15, 16] , which has been referred to as nasal NKTCL [1] . Radiotherapy (RT) is believed to be a key treatment modality for this population, as the complete response (CR) rate from RT alone is [65 % [17, 18] . The results of several multicenter retrospective studies by radiation oncologists in East Asia suggested that a high radiation dose, radiation volume encompassing the entire nasal cavity and sinuses, and the use of CT-or magnetic resonance imaging-based radiation planning were associated with good local control [19] [20] [21] [22] . However, most previous reports on retrospective studies of a first-line therapy including RT for localized nasal NKTCL referred only to a total dose of RT, as in studies for other lymphoma subtypes [23] .
To resolve these problems, collaboration between radiation oncologists and hemato-oncologists is essential. Detailed information on radiation planning (e.g., dose prescription, schedule, definition of target volume, and instructions to prevent adverse reactions in risk organs) should be reported to facilitate the general application of the results of a study. A quality assurance program of RT [24, 25] is recommended to maintain the quality of RT in a prospective clinical trial for localized nasal NKTCL [26] .
Specific factors in trials for disseminated ENKL
The relative incidence of advanced NKTCL among all cases of ENKL is approximately 30 % [16, 27, 28] . Patients with disseminated disease often represent impaired organ function due to the disease. These factors make conducting a prospective clinical trial for this population difficult. To overcome these problems, most studies selected a setting of multinational clinical trials [12] [13] [14] , although this set-up might generate some practical problems due to differences in health insurance systems in the participating countries. Some recent studies have enrolled both patients with newly diagnosed stage IV and those with relapsed or refractory disease into first-line treatment [12, 14] .
Prospective clinical trials for newly diagnosed localized nasal NKTCL
Clinical studies initiated before the early 2000s Anthracycline-containing chemotherapy followed by RT is established as the standard treatment for localized aggressive lymphomas, mainly diffuse large B-cell lymphomas [29] . Researchers in Samsung Medical Center in Korea conducted two single-institution clinical studies of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) followed by RT for stage IE or non-bulky stage IIE nasal NKTCL and reported the results [30, 31] . First, they treated 17 patients between March 1995 and December 1999. Four cycles of CHOP chemotherapy followed by involved-field RT (IF-RT) of 45 Gy were planned. The CR rate was 58 %. The planned combined modality therapy could only be completed in six patients due to early disease progression during the chemotherapy phase [30] . Next, 17 patients were treated with two cycles of dose-intensified CHOP14 (the doses of cyclophosphamide and doxorubicin were escalated to 1,250 and 75 mg/m 2 , respectively) followed by IF-RT (44 Gy), and an additional four cycles of standard CHOP from March 2000 to June 2004. The CR rate was improved (76 %), but five patients still experienced systemic failure. The 3-year OS was 67 % [31] .
These two clinical studies are praiseworthy for showing that the efficacy of CHOP chemotherapy is insufficient to treat localized nasal NKTCL, even at the maximal dose intensity. However, detailed information about the inclusion criteria, RT planning, and rationale for estimated sample size was not reported, although the researchers stated that these two studies had been conducted prospectively [11] .
The ENKL tumor cells express the multidrug resistance (MDR) 1/ABCB1 gene and its product, P-glycoprotein [32] [33] [34] . This observation is thought to be the major reason why ENKL is resistant to CHOP or CHOP-like chemotherapies, which are comprised mainly of MDR-related agents.
Prospective clinical trials of concurrent chemoradiotherapy for newly diagnosed localized nasal NKTCL RT alone is insufficient to achieve a high cure rate for patients with localized nasal NKTCL due to frequent infield and systemic relapse [17, 20] . To explore a more effective therapy for localized nasal NKTCL, prospective clinical trials of concurrent chemoradiotherapy incorporating chemotherapies with non-MDR-related agents and etoposide, which is effective against EBV-associated hemophagocytic syndrome [35] , have been initiated in Japan [10] and soon after in Korea [11] . Figure 1 illustrates the protocol treatment of the two trials. The study design and results of the two clinical trials are summarized in Table 1 .
The Lymphoma Study Group of the Japan Clinical Oncology Group (JCOG-LSG) began conducting a multicenter phase I/II study (JCOG0211) of concurrent chemoradiotherapy for newly diagnosed localized nasal NKTCL Management of NK/T-cell lymphoma 563 in 2003 [10] . This study was the first prospective study for untreated localized nasal NKTCL to incorporate statistical considerations for an adequate sample size and three central reviews (i.e., a central pathology review, an RT quality assurance program [26] , and a central response review). The protocol treatment comprised concurrent chemoradiotherapy with RT of 50 Gy and DeVIC (dexamethasone, etoposide, ifosfamide, carboplatin) chemotherapy [36, 37] (RT-DeVIC), which is expected to obtain both good local and systemic disease control. Patients with stage IE disease or contiguous stage IIE disease with cervical lymph node involvement were eligible for the trial. Based on the results of the phase I portion of the trial, a two-thirds dose of DeVIC (2/3DeVIC) was established as the recommended dose for the phase II portion. Twenty-seven patients who were treated with RT-2/3DeVIC were evaluated in phase II of the trial. The primary endpoint, the 2-year OS, was 78 % [90 % confidence interval (CI) 61-88 %; 95 % CI 57-89 %], which was superior to the historical control of RT alone (45 %) [17] . Acute toxicity was mild and manageable in patients treated with RT-2/3DeVIC [10] . The updated analysis of the 5-year follow-up (median follow-up period 67 months; range 61-94 months) [38] revealed that the 5-year OS and progression-free survival (PFS) rates of the 27 patients treated with RT-2/3DeVIC therapy were 70 (95 % CI 49-84 %) and 63 % (95 % CI 42-78 %), respectively. The analyses of toxicity confirmed that fulldose DeVIC is inappropriate due to acute and late toxicities with the concurrent use of RT in this trial. Subsequent to the JCOG0211 trial, a Korean group (Consortium for Improving Survival of Lymphoma; CISL) initiated a multicenter phase II study of concurrent chemoradiotherapy followed by VIPD (etoposide, ifosfamide, cisplatin, and dexamethasone) chemotherapy for untreated localized nasal NKTCL in 2006 [11] . In this trial, cisplatin was selected for concurrent chemoradiotherapy as a radiation sensitizer. The median dose of RT was 40 Gy (range 40-52.8 Gy). Three courses of VIPD were then planned as adjuvant chemotherapy. Thirteen patients were planned to be enrolled according to their statistical considerations. The threshold value of the CR rate was estimated as 70 % of RT alone [17, 39] , and the expected CR rate was 90 %. The CR rate at the best response was 80 %, which was lower than the expected rate. At the median follow-up of [10] ; b CCRT-VIPD therapy [11] . CBDCA carboplatin, ETP etoposide, IFM ifosfamide, DMS dexamethasone, CDDP cisplatin, IV intravenously, PO orally 24 months (range 17-37 months), the estimated 3-year OS and PFS rates were 86 and 80 %, respectively [11, 40] . The estimated 3-year local control rate was 93 %. The toxicities during concurrent chemoradiotherapy were reported to be mild. However, grade 3 or 4 infections occurred in 60 % of the patients during the VIPD therapy, and two patients died of infection. To develop a less toxic therapy than CCRT-VIPD, CISL is conducting two prospective clinical trials of modified CCRT-VIPD therapy (CCRT-VIDL [41] and CCRT-MIDLE). Notably, both prophylactic therapies for central nervous system (CNS) relapse [42] and high-dose chemotherapy with autologous hematopoietic stem cell transplantation (HD-AHSCT) [43, 44] were not included in the protocol treatments in these two clinical trials of concurrent chemoradiotherapy.
Current recommendable management of newly diagnosed localized nasal NKTCL based on the results of prospective clinical trials
The results of the prospective clinical trials reviewed above provide important evidence as follows: (1) CHOP therapy is not effective for ENKL; (2) excellent local control can be obtained by concurrent chemoradiotherapy with non-MDR-related agents and etoposide; and (3) excellent survival data can be obtained by concurrent chemoradiotherapy without CNS prophylaxis and HD-AHSCT. Based on these data, concurrent chemoradiotherapy incorporating non-MDR-related agents and etoposide is recommended as a first-line treatment for localized (stage IE or contiguous stage IIE with cervical node involvement) nasal NKTCL. HD-AHSCT as a consolidative therapy after concurrent chemoradiotherapy is not recommended. Currently, RT-2/ 3DeVIC therapy is commonly used in Japan because of the short duration of the treatment (only 9 weeks to complete), experiences in the JCOG0211 trial, and the reproducibility of the radiation planning supported by a uniform protocol treatment setting and the RT quality assurance program. Its excellent efficacy in clinical practice has been recognized in Japan [45] . (2) 70 (5) 86 (3; estimated)
PFS rate, % (years) 67 (2) 63 (5) 80 (3; estimated)
Planning target volume (local) control rate, % (years)
96 (2) 93 (3; estimated)
Most common toxicity Local toxicities due to RT Infection It is clear that there are patients with localized nasal NKTCL who have obtained a cure by RT alone. Because there is no publication of prospective trials on RT alone for this population, there is no firm evidence of the predictive factors that can identify these patients before treatment. A recent major retrospective study of RT alone for nasal NKTCL of stage IE excluded patients who required chemotherapy [46] suggesting the possibility of selection bias. The two prospective trials of concurrent chemoradiotherapy [10, 11] had not selected patients having risk factors. As shown in Table 2 , the baseline clinical characteristics are comparable among the patients included in the two major recent retrospective studies of localized nasal NKTCL [47, 48] and those enrolled in the two prospective clinical trials of concurrent chemoradiotherapy [10, 11] . This similarity may be due to the median age at diagnosis and performance status of ENKL being lower than in other aggressive lymphomas, such as diffuse large B-cell lymphoma. A retrospective study suggested that the addition of chemotherapy to RT did not improve the clinical outcome [18] . However, evaluating the efficacy of adding chemotherapy is difficult, as CHOP or CHOP-like chemotherapies were used in the majority of patients analyzed in this study. Considering these limitations in retrospective studies and the observation that the prognosis of patients with relapsed or refractory disease after the first-line treatment remains poor, concurrent chemoradiotherapy is recommended as the current first-line treatment irrespective of the known risk factors of ENKL.
When RT-2/3DeVIC therapy is selected, performing RT following the same procedure used in the JCOG0211 study is important. If preparing for upfront RT takes considerable time (e.g., more than 1 month), chemotherapy with non-MDR-dependent agents and etoposide with sandwiched RT merits consideration [49] . However, there are no prospective data regarding the long-term efficacy of such a treatment strategy.
Prospective clinical trials for newly diagnosed stage IV, relapsed or refractory ENKL
The prognosis of patients with newly diagnosed advanced NK/T-cell lymphoma by conventional therapy is extremely poor. For example, the 1-year OS rate of patients with stage IV disease who undergo conventional treatment is \20 % [16] .
Clinical trials in the early 2000s
In 2003, two promising results of single-institution clinical studies were published. First, a Mexican group reported the results of a clinical study for newly diagnosed advanced nasal NKTCL [50] . There are no descriptions of the rationale for the planned sample size in their report. Their planned treatment comprised six cycles of CMED (cyclophosphamide, etoposide, methotrexate, and dexamethasone), with a sandwiched local RT of 55 Gy after the third cycle of CMED. CMED was administered every 2 weeks under G-CSF support. From 1988 to 1999, 32 patients were evaluated. With a median follow-up time of 69.1 months, both the CR rate and 5-year OS rate were 65 %. The researchers claimed that non-hematologic toxicity was mild in the study. CMED chemotherapy has not been regarded as a standard chemotherapeutic regimen, at least in Japan, mainly because of concerns regarding its toxicity.
The second was a clinical study by a Chinese group that evaluated the efficacy of a combined modality therapy with L-asparaginase-containing chemotherapy, also known as the Chinese regimen, for refractory NKTCL after a CHOPlike regimen [51] . According to their latest publication [52] , one to six cycles of chemotherapy with L-asparaginase, vincristine, and dexamethasone followed by IF-RT at a median dose of 50 Gy (range 30-60 Gy) were planned. Forty-one patients were evaluated in the study, with no statistical consideration for the sample size being reported. The CR rate was 56 %. With a median follow-up period of 35 months, the 3-year OS rate was 67 %.
Although these two clinical studies have some limitations, such as no statistical consideration for the sample size and a single-institute setting, they suggested a promising efficacy of chemotherapy without anthracycline combined with high-dose RT. Because of its mild toxicity, the Chinese regimen is sometimes used in the current practice in Japan for elderly patients or patients with advanced disease and poor general condition.
More recently, the results of a single-institution but well-designed prospective phase II study were published [53] . In this study, 32 patients with relapsed or refractory ENKL were treated with IMVP-16/Pd (ifosfamide, methotrexate, etoposide, and prednisolone) therapy as a secondline chemotherapy from October 1996 to February 2002. All patients had received CHOP or CHOP-like chemotherapy. The overall response rate (ORR) was 44 % (14/32), and the CR rate was 38 % (12/32). Although most adverse events were mild, four patients experienced febrile neutropenia, and one died of infection. Due to its promising efficacy results, the researchers have applied this chemotherapy to patients with newly diagnosed ENKL. These results also support the efficacy of chemotherapy with non-MDR-related agents and etoposide for ENKL.
SMILE chemotherapy
To explore a more effective chemotherapeutic regimen for newly diagnosed stage IV, relapsed or refractory NKTCL, the NK-Cell Tumor Study Group and colleagues in East Asia designed a novel induction chemotherapy termed SMILE (steroid = dexamethasone, methotrexate, ifosfamide, L-asparaginase, etoposide) in 2004. This regimen combines non-MDR-related agents, etoposide, and L-asparaginase. Drug interactions in the sequential or concurrent administration of the four anti-cancer agents were considered. The doses of methotrexate and etoposide in SMILE were the recommended doses determined in the preceding phase I study [12] .
The subsequent phase II study of SMILE was the first prospective trial for this population to incorporate an adequate sample size and two central reviews (pathology and response) [14] . Two courses of SMILE were planned as the protocol treatment. The primary endpoint was the ORR. Because the first two patients died of infection, a protocol revision adding lymphocyte count C500/mm 3 to the eligibility criteria was made. No treatment-related deaths have been observed thereafter. Finally, 38 patients were evaluated in the analysis for the primary endpoint. Fiftythree percent of the patients had newly diagnosed stage IV disease. The ORR was 79 % (90 % CI 65-89 %), which was clearly superior to the historical control using conventional therapy of 35 %. The CR rate was 45 %. In a subgroup analysis, the 1-year OS rate of the patients with newly diagnosed stage IV disease was 45 % (95 % CI 23-65 %), with a median follow-up of 24 months (range 13-35 months). This 1-year OS rate was superior to the historical control of \20 % [16] . Grade 4 neutropenia was common, and the most common grade 3 or 4 non-hematologic toxicity was infection (61 %).
SMILE chemotherapy is considered the most recommendable regimen as induction chemotherapy for this population [54] . Less intensive chemotherapies based on SMILE, such as MILD (methotrexate, ifosfamide, L-asparaginase, and dexamethasone) [55] and modified SMILE [56] , have been evaluated in pilot studies. MILD chemotherapy is a dose-reduced SMILE without etoposide. In modified SMILE, the seven doses of L-asparaginase in original SMILE were switched to one dose of pegylated asparaginase (pegaspargase). The preliminary results of these studies also support the efficacy of chemotherapeutic regimens containing L-asparaginase and non-MDR-related agents for ENKL.
AspaMetDex therapy
A French group conducted a multicenter phase II study of AspaMetDex (L-asparaginase, methotrexate, and dexamethasone) chemotherapy for relapsed or refractory ENKL [13] . This regimen was selected based on the promising results of their pilot study [57] . The primary endpoint of the phase II trial was a CR rate, and the planned sample size was 29. Because 11 patients out of the first 20 enrolled obtained a CR, this trial was stopped early in October 2008. Of the 19 patients evaluated, 89 % had a history of CHOP or CHOP-like chemotherapy. The CR rate was 61 %, the ORR was 78 %, and the median survival time was 12 months.
These results clearly support the superior efficacy of L-asparaginase-containing chemotherapy for relapsed or refractory ENKL. Most patients had been treated with CHOP or CHOP-like chemotherapy before AspaMetDex in the trial, and therefore whether the AspaMetDex therapy is effective in patients who received non-anthracycline chemotherapy during the first-line therapy is unknown. Because AspaMetDex is less intensive than SMILE chemotherapy, it may be a good option for elderly patients and patients with relapsed or refractory disease with impaired organ function.
Comments on HSCT for disseminated ENKL
There are no published results of prospective clinical trials incorporating HSCT for disseminated ENKL. Several retrospective analyses have shown that some patients who underwent HSCT obtained a long-term CR [58, 59] , suggesting HSCT may be a cure-oriented therapy for disseminated ENKL, although these data were obtained before 'the SMILE era'. Recently, there have been accumulating data on the promising efficacy of allogeneic HSCT for relapsed or refractory ENKL [60, 61] , and experts in East Asia recommend allogeneic HSCT for this population [49, 62] .
Recommendation on the current management of ENKL based on the clinical trial results Figure 2 illustrates a treatment scheme for the recommended current management of ENKL based on the results of prospective clinical trials. For patients with nasal NKTCL of stage IE or contiguous stage IIE with cervical node involvement, RT-2/3DeVIC therapy is recommended as a first-line treatment. For other patients with newly diagnosed ENKL, SMILE chemotherapy is recommended as an induction therapy. Other L-asparaginase-containing chemotherapies and chemotherapies containing non-MDRrelated agents and etoposide are good candidates for patients who do not meet the eligibility criteria of the clinical trials for SMILE. The best HSCT to use after induction therapy for patients with disseminated disease remains uncertain.
The EBV DNA load in the peripheral blood has been found to be useful both for predicting the prognosis before treatment and monitoring the disease after treatment in ENKL according to the results of the prospective studies and clinical trials [11, 13, 63, 64] .
For the better future management of ENKL
To improve the prognosis of ENKL, identifying those patients who can obtain a cure by a treatment strategy for localized disease is important. For this purpose, strict pretreatment evaluation incorporating positron emission tomography [65] [66] [67] [68] [69] [70] [71] and in situ hybridization for EBVencoded RNA using a bone marrow specimen [72] are recommended. As chemotherapeutic regimens for ENKL are evolving, a new prognostic model among patients treated with chemotherapies without anthracycline is needed.
New RT technologies such as intensity-modulated radiation therapy deserve evaluation in prospective trials. Furthermore, the frontline use of L-asparaginase in the treatment of localized NK/T-cell lymphoma warrants evaluation. Some of the new agents for peripheral T-cell lymphomas are also expected to be effective for ENKL. Considering that 72 % of ENKLs are positive for CD30 [73] , one of the most promising candidates is brentuximab vedotin, i.e., the CD30-specific monoclonal antibody conjugated to an anti-tubulin agent (monomethyl auristatin E) [74] . In any case, the efficacy of a new therapeutic strategy for ENKL should be evaluated by prospective clinical trials with adequate statistical considerations, as in the cases of other aggressive lymphomas.
Conclusions
The evidence obtained from well-designed multicenter, prospective trials in the last decade contributed to improve the management of ENKL. To further improve the prognosis of patients with ENKL, well-designed prospective clinical trials need to be conducted with multidisciplinary collaborations of hemato-pathologists, radiologists, hemato-oncologists, radiation oncologists, and biostatisticians. 
